El Rasafi T., Nouri M., Bouda S., Haddioui A.: The effect of Cd, Zn and Fe on seed germination and early seedling growth of wheat and bean. Ekológia (Bratislava), Vol. 35, No. 3, p. 213-223, 2016. This study was conducted to evaluate the effect of metals on wheat and bean species. The method uses seed germination and early seedling growth of these plants in the presence of various levels (10, 50, 100, 250, 500, 750 and 1000 mg/L) of Cadmium (Cd), Iron (Fe) and Zinc (Zn). The inhibition caused by these metals was depending on the concentration used, the metal itself and the plant species. The species had reduced seed germination, root and shoot lengths, tolerance index and percentphyto-toxicity with increasing concentrations of metals. Cadmium was determined to be the most inhibitory metal on these parameters. This metal affected significantly the germination, root and shoot length of the species tested, as well as the tolerance index and percentphytotoxicity starting from 50 mg Cd/l. Under the Iron stress, in general, the inhibition of germination and root length of wheat was reduced from 500 mg Fe/l. The results showed also that the inhibitory effect of increase of Zn levels was seen in root, shoot and tolerance indices. The findings also revealed that the metal toxicity was as follow: Cd > Fe > Zn. Regarding species, the results showed that bean seemed to be more tolerant to the increase of the three metals than wheat.
Introduction
Heavy metals are a serious ecological, nutritional and environmental problem. Heavy metals can occur naturally in rocks; they are released during the alteration of rocks, which become the geochemical background but rarely at toxic levels (Bourrelier, Berthelin, 1998) . The natural concentrations of heavy metals in soils vary with the nature of the rock, its location and age. But the most important contamination of urban and agricultural soils by heavy metals was anthropogenic. Mining, manufacturing and the use of synthetic products (e.g., pesticides, paints, batteries, industrial waste, and applications of industrial or domestic sludge to the land) were the major sources of this kind of contamination. These elements have a strong negative effect on ecosystem. They can be non-essential trace elements, which are highly toxic and very harmful to all living beings (humans, animals and plants) even in trace concentrations (e.g., Cd, Pb and Hg) (Gang et al., 2013; Acharya, Sharma, 2014) . While some of these elements such as Cu and Zn are essential for plant growth at low concentrations, and they start to be toxic at higher levels (Wintz et al., 2002) . Similar to other organisms, plants are very sensitive to deficiency, and also to excess of heavy metals. The influence of these elements on plants is clearly seen in the inhibition of growth and death of the plant (Carlson et al., 1991) . Heavy metals have been shown to affect different processes of plant functions, and clearly have a negative impact on seed germination. They can engender damage to the root system of plants (Singh, Thakur, 2014) , by causing an oxidative stress by producing free radicals (Shah et al., 2010) , or by replacing nutrient and essential metals (Henry, 2000) . In general, the influence of trace elements on plants depends mainly on the heavy metal kind, the concentration applied and plant species.
The current study was carried out to improve our understanding of the ability of plants to grow in the presence of metallic stress, and to enhance our knowledge of plant reactions when they are exposed to different kinds and different doses of metal contamination. The experiment was based on the use of a range of different aqueous treatments of the three selected elements, Cd, Fe and Zn, for investigating their phytotoxic effects on the seed germination and seedling growth of a monocot: wheat (Triticum aestivum L.) and a dicot: bean (Phaseolus vulgaris L.).
Material and methods
Effect of Cd, Zn and Fe on germination and seedling growth of wheat (Triticum aestivum L.) and bean (Phaseolus vulgaris) was investigated in laboratory conditions in Petri dishes. To avoid contaminations of bacteria and fungi, the seeds were surface-sterilised for 10 min with 1% sodium hypochlorite solution, rinsed in distilled water (1 time) and soaked in 70% ethanol for 1 min followed by 5 times washings with distilled water. To create metallic stress, 3CdSO4.8H2O, FeCl3.6H2OandZnSO4.7H2O were used in 7 concentrations (10, 50, 100, 250, 500, 750 and 1000 mg/L) in 4 replications per treatment. 40 healthy seeds of each species were grown in Petri dishes containing one layer of Whatman filter paper in the bottom soaked previously with 5 ml of solution. The distilled water was used as control for soaking the filter paper for each metal and each species. Petri dishes were kept in the oven at temperature of 23 °C for 6 days. In the end of the experiment, several parameters were measured: • The germination percentage (GP) was calculated, as given by Tanveer et al. (2010) :
• The relative germination rate (RGR) and the root and shoot length was measured, as well as the ratio between them.
• • The tolerance index (T.I.) was calculated using the formula given by Iqbal and Rahmati(1992) .
• The percent phytotoxicity (P.P.) was calculated according to Chou and Lin (1976) and Ray and Banerjee (1981) . 
Statistical analysis
The data obtained were submitted to one-way analysis of variance (ANOVA) using SPSS software (version 20.0). The percent germination data were arcsine transformed before conducting the statistical analysis to ensure the homogeneity of variance. Tukey test was used to separate the treatment means when significant difference was revealed among treatments at p=0.05.
Results

Germination of seeds under heavy metals stress
The results obtained showed that the percentage of germination of seeds tested was related to the metal kind, the concentrations used and the species tested (Fig. 1) . The cadmium concentrations in the medium was increased to significantly reduce the germination of the species seeds tested (Wheat: F= 28.171, p=0.000; Beans: F= 8.845; p=0.000). The most pronounced inhibitory effect of this metal was recorded for wheat, particularly when exposed to the highest concentrations. The increase of the concentration of Fe affected the germination of wheat significantly (F= 15.480; p=0.000). However, no significant effect of increased concentration of Fe was observed on the germination of beans (p=0.070). In contrast, the increase in the levels of Zinc didn't cause any significant effect on the germination of both the species.
Relative germination rate
The results corresponding to the RGR are summarised in Figure 2 . This result showed that clear inhibitory effect of wheat begins from 500 mg for Cd and 750 mg for Fe. While the stress caused by Zn did not significantly reduce the RGR of this species, even with an increase in concentrations. As regard bean, the RGR was reduced only in the highest concentration of Cd (1000mg/l).
Effect of heavy metals on Root length
Figure 3 presents the effects of Cd, Fe and Zn on root length of wheat and beans. An increase in Cadmium levels significantly decreased the root length of both species (Wheat: F= 41.192; p=0.000, Beans: F= 18.433; p=0.000). This inhibition was apparent from the level of 50 mg/l of Cd.
In the highest concentration (500 and 1000 mg/l), wheat seemed to be more affected. The same results were obtained with Iron and Zinc. The highest concentrations (500, 750 and 1000 mg/l) influenced clearly the length of the roots of wheat, while bean was less affected. On the other hand, the low levels of Zn (10 and 100 mg/l) induced a stimulation of the root length of wheat.
Effect of heavy metals on Shoot length
The effect of different levels of Cd, Fe and Zn on shoot length is summarised in Figure 4 . The results showed that the lowest concentration of Cd (10mg/l) stimulated the shoot length of wheat as compared to the control. After that, the increase of metal dose caused a significant decrease of the shoot length of both the species (p=0.00). The inhibitory effect of Cd was more pronounced at higher concentrations (1000mg/l), and wheat seemed to be more affected. However, the Fe and Zn treatment significantly reduced the shoot length of wheat (Fe: F=19.635; p=0.000 and Zn: F=15.631; p=0.000), while no major changes were observed on shoots of bean.
Effect of heavy metals on Root/Shoot Ratio
The results of root/shoot ratio are presented in Figure 5 . These results indicated that the increase of concentration of Cd caused a significant decrease of this parameter on wheat. The same result was observed for Fe and Zn, where wheat was affected significantly in the presence of these metals in the growing medium.
Tolerance index
The results of the Tolerance Index are presented in the Figure 6 . The Cd affected the Tolerance Index of all species significantly (p=0.000), but bean seemed to be more tolerant to Cd. The Tolerance Index of wheat was significantly reduced in presence of Fe, while no significant effect on this parameter was recorded for bean (p=0.071). For this species, we could see a small increase of Tolerance Index for concentration above 250mg/l as compared to the control. The response of the two species to Zn contamination was almost similar to their response in the presence of Fe. The lower doses of this metal induced an increase of Tolerance Index of wheat (from 10 mg/l to 100 mg/l) and the highest levels caused a clear decrease of this parameter (14.2). As observed in Fe treatment, bean had almost a stable level of Tolerance Index even when the concentrations of Zn were increased.
Percent phytotoxicity
The phytotoxicity of the three metals tested on root length of wheat and bean is presented in the Figure 7 . The increase of Cd levels increased significantly the percent phytotoxicity on root length of both species (p<0.05). The lowest percent phytotoxicity was observed at the lowest concentration (14.92 and 44.58% for wheat and bean, respectively). Under Fe stress, the phytotoxicity of wheat was less than 20% at the three first concentrations (10, 50 and 100 mg/l), then it increased to almost 90% in 1000mg/l. As regard Zn, the low doses (from 10 to 100mg/l) were more beneficial for the growth of wheat, while the highest levels were highly toxic to roots. Opposite to the effect on wheat, the increase of toxicity of both compounds (Fe and Zn) didn't induce any clear effect on bean.
Discussion
In the present study, the effect of increasing levels of Cd, Fe and Zn on germination and early seedling growth of wheat and bean was investigated. The results obtained showed that these metals affected the percentage of germination and early seedling growth of the species tested differently. The inhibitory effect of Cd and Fe was greatest on wheat germination. However, the bean seeds germination was reduced only in the presence of Cd, while these seeds seemed to be more tolerant to Fe even at high metal concentrations. The negative effect of metals on seed germination was reported by different authors (Mathur et al., 1987; Iqbal, Mehmood, 1991; Athar, Masood, 2002; Li et al., 2005; Datta et al., 2011) . Many other authors have explained the effect of metals on seeds germination as lowering of water uptake and transport (Bewley, Black, 1983; Becerril et al., 1989) , or causing death or at least an embryonic damage (Wierzbicka, Obidzinska, 1998) . About Zn, this metal did not induce any significant inhibition on the germination of the two species. Peralta et al. (2001) obtained the same results using alfalfa at 40 ppm of Zn. Kranner and Colville (2011) reviewed that the selection of plant species and the metal element can vary the degree to which metal toxicity affects negative germination. Some species can germinate at higher metal concentrations, which are highly toxic to other species. Similar results were obtained for roots and shoots elongation. The results showed that the Cd was found to be the most toxic metal for wheat crop. This was also found in wheat and other species by other authors (Mathur et al., 1987; Iqbal, Mehmood, 1991; Shafiq et al., 2008; Moosavi et al., 2012; Shaikh et al., 2013) . Regarding Iron, root and shoot length of wheat decreased significantly at the highest concentrations of Iron, when compared with the control. Nagajyoti et al. (2010) reported that Iron toxicity may be related to high Fe2+ uptake by roots and its transportation to shoots. These ions damaged membranes, DNA and proteins due to the production of the free radicals (Arora et al., 2002; De Dorlodot et al., 2005) . Sinha et al. (1997) reported that Iron toxicity is accompanied with increase of oxidative stress in several plants. As regard Zinc, the two species studied showed similar results as obtained for Fe. The roots and shoots length was stimulated in the low levels brought out difference that roots and shoots were much longer with Zinc than with Iron. Similar results were previously reported in other studies for Cicer arietinum L. (Sharma S. et al., 2010) and Medicago sativa L. (Peralta et al., 2001 ). These authors reported that radical, hypocotyls length, root length and plant height increased when exposed to low concentration of Zn. However, these two parameters decreased when excessive levels of Zn were applied. The inhibition of root and shoot growth by Zn is reported in different works (Choi et al., 1996; Ebbs, Kochian, 1997; Fontes, Cox, 1998; Lingua et al., 2008) . In general, the roots of wheat and bean were seen to be more affected by an increase in Cd, Fe and Zn doses than the shoots. This finding is in accordance with the result obtained by Lingua et al. (2008) . They found that roots were inhibited by 70%, while shoots were reduced only by 50% in the presence of Zn.The inhibition of roots and shoots elongation caused by heavy metals can be due to their influence on cell division (Davies et al., 1991; Hargemeyer, Breckle, 1996) , or their effect on cell wall elasticity and metabolic activities (Naseer et al., 2001 ). As we know, roots are the first part of the plant that comes in touch with contamination, they are more sensitive to toxicity by metals than shoots (Araujo, Monteiro, 2005; Shah et al., 2010; Yang et al., 2010; Yusuf et al., 2011) . This sensibility reduced per consequence of the root/shoot ratio. Tariq Mahmood et al. (2007) reported that decrease in the root/shoot ratio may be caused due to structural and morphological changes of roots (absence of root hair, stunted and fibrous root growth and thickening or browning of roots) induced by metal.
On the other hand, this study showed that increase in Cd, Fe, and Zn concentrations had a significant decrease of metal toxicity tolerance of all seedlings (except beans when exposed to Fe). The effect of Cd was more pronounced on seedlings of wheat than Fe and Zn. Bean was less affected in the presence of the three metals. Wheat was less tolerant to the increase in the levels of these metals. The tolerance of bean in the presence of these metals may be due to the selectivity of their coats. The difference observed in the effect of metals may be related to the regulation of metal absorption due to the interspecies differences in seed coat structure (Tariq Mahmood et al., 2007) . Wierzbicka, Obidziniska (1988) reported that the difference in the permeability of seed coats to metals leads to a range of seed germination inhibitions. In general, the presence of coats and covers in the bean seeds could minimise the influence of these elements on the seeds. The metal phytotoxicity discussed here is related to the species tested, and the metal and its doses used. The results indicated that the lowest concentrations of these metals induce a decrease of phytotoxicity, while high levels of metals increased the root phytotoxicity of selected plants. These finding were in concordance with the results obtained by Radha et al. (2010) , Gang et al. (2013) , Habtamu et al. (2013) and Shaikh et al. (2013) who reported that phytotoxicity of heavy metals on roots decreased at lower concentrations and increased at higher concentrations.
Conclusion
The results of this study indicated that the metals Cd, Fe and Zn had different effects on seed germination and early seedling growth of wheat and bean. In general, Cadmium was more toxic than Iron and Zinc (Cd > Fe > Zn). This study also showed that a high metal concentration (750 mg/l and 1000 mg/l) had a significant reduction in germination parameters. However, with low metal concentration (10 mg/l to 100 mg/l), a little inhibition was observed. On the other hand, this study showed that metal tolerance for germination seeds differ significantly between species. The bean was revealed to be more tolerant to metal stress than wheat. This study needed to be completed in order to establish the maximum amount of Zn and Fe that the plants can tolerate, and the ability of wheat and bean to germinate and grow in a mixture of these heavy metals.
